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PURPOSE: To provide a doping apparatus capable of obtaining a p type or n type 
semiconductor having excellent properties, capable of obtaining properties uniform 
over a large area and capable of manufacturing a large sized semiconductor device at 
a low cost. 

CONSTITUTION: The inside of a chamber 101 is provided with a pair of electrodes, 
i.e., an anode 103 and a cathode 104. The anode 103 is set with a sample 105. The 
sample 105 can be heated by a heater 106. The cathode 104 is connected to a power 
source 108 for generating a plasma 107 between the anode 103 and the cathode 104. A 
target 109 is set on the cathode 104. An inert gas is introduced into the chamber 
101 from a cylinder 110. Furthermore, the inside of the chamber 101 is provided with 
light sources 112 and 113 of ultraviolet light as well, and irradiation on the 
surface of the sample 105 is permitted as occasion demands. 
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ABSTRACTED -PUB -NO: JP0 5 02 4 976A 
BASIC-ABSTRACT: 

While depositing a dopant onto the surface of a semiconductor through sputtering 
with a target contg. the dopant element, the semiconductor surface is irradiated 
with UV beam contg. wavelengths 3 00nm and below, for the doping of semiconductor. 
The simultaneous irradiation can be replaced by a post irradiation. 

Appts. includes: chamber (101); vacuum pump (102); anode (103); cathode (104); 
specimen (105); heater (106); plasma (107); power source (108); target (109); inert 
gas holder for Ar (110); mass-flow controller (111); Hg lamps (112,113) and 
butterfly valve (114) . 

ADVANTAGE - The doping is effected without damaging the dope semiconductor. Because 
of no requirement for high temp, post treatment, p- or n-type domains of good 
characteristics can be formed whether the semiconductor be monocrystalline , 
polycrystalline or amorphous. 
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[ABSTRACT] 
[CONSTITUTION] 

Anode 103 and cathode 104-1 bigeminal electrode is installted in chamber 101. Sample 105 is set to 
anode 103. Sample 105 can heat by means of heater 106. As for cathode 104. it is connected plasma 107 
to occurrence power source 108 to do between anode 103, cathode 104. Target 109 is set on cathode 
104. Inert gas is introduced into chamber 101 from bomb 1 10. In addition. Light source 1 12.1 13 of 
ultraviolet radiation more are installed in chamber 101, and face of sample 105 gets possible to be 
irradiated at anv time. 
[EFFECT] 

Semiconductor of superior p type or n mold of character can be got, audacious behavior product is lasted 
for, and the characteristic which is uniformity is provided, large-scale semiconductor devices can be 
produced in cost low. 



[WHAT IS CLAIMED IS:] 
[Claim 1] 

While, by means of target containing a dopanto element, making dopanto accumulate in the surface of 
semiconductor by sputtering method , at a minimum, ultraviolet radiation including constituent of less 
than or equal to wave length 300nm is triggered in the surface of above semiconductor, and it is doping 
method of semiconductor doing doping in above semiconductor. 
[Claim 2] 

After, by means of the target which contained a dopanto element, having accumulated in said face in 
dopanto by sputtering method , at a minimum, ultraviolet radiation including constituent of less than or 
equal to wave length 300nm is triggered in said surface, and it is doping method of semiconductor doing 
doping in above semiconductor. 
[Claim 3] 

Doping apparatus of the semiconductor which comprised line for, at a minimum, the target which 
contained dopanto chemical element in anode and surface installed in internal of the chamber that the 
evacuation that semiconductor was set was possible and above chamber to supply inert gas in the light 
source which, at a minimum, irradiated ultraviolet radiation including constituent of less than or equal to 
wave length 300nm in the surface of the power source which supplied electric power in set cathode and 
said cathode and above semiconductor and above chamber. 
[Claim 4] 

Doping apparatus of semiconductor as claimed in claim 3 comprising measure transporting 
semiconductor between location opposed to light source irradiating lay opposed to target and ultraviolet 
radiation. 



[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[INDUSTRIAL APPLICATION FIELD] 

The present invention relates to doping method of the semiconductor which is optimum in quantity 
production of audacious behavior product semiconductor devices of active matrix circuit of a liquid 
crystal display of the solar cell which is high efficiency and doping apparatus. 
[0002] 

[PRIOR ART] 

There is direction of audacious behavior sekika represented along with bisaika represented as current of 
recent semiconductor devices art by semiconductor memory and an image sensor, direction of 
integration by solar battery and active matrix circuit of a liquid crystal display. In audacious behavior 
product semiconductor devices, it is had to move manufacture cost per a unit area as much as possible. 
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Therefore semiconductor film of amorphous and polycrystal accumulated on inexpensive basal plate 
such as glass, metal, ceramics begins to be used along with a single crystal silicon wafer as 
semiconductive material. However, kosutoka is called for about each other manufacture process low to 
move manufacture cost of a device. In addition. A produced device lasts for 30cm angle or audacious 
behavior product more than it. and characteristic must be uniformity. In other words. The process 
technologv which is aood for it must be developed to an audacious behavior product device, 
[0003] 

Doping technology is given as the most important art in terms of audacious behavior sekika in each 

manufacture process. 

[0004] 

It is thermal diffusion method that have been most generally used as doping art of semiconductor. 
Thermal diffusion method is technology conventional 1000 degrees Celsius scatter dopant atom 
included in semiconductor face in swabbing or accumulated membrane within semiconductor in high 
temperature older than, and to activate as dopcmto. This method can apply to an audacious behavior 
product device comparatively easily, but. if film semiconductor is used to use high temperature, it saishi. 
and it has limitaion in basal plate available. In addition. It is needed for processing for a long time (for 
conventional around several hours), and through-put of manufacture is not preferable. 
[0005] 

In addition. There is ion implantation method as other generic doping art. In this approach. After having 
removed impurity from beam of the dopant atom ion which ionized in vacuum by measure of mass 
analysis, it is the method which it accelerates in electric field, and ramming down, conventional 800 
degrees Celsius are annealed in temperature older than within semiconductor for around several hours, 
and activate dopcmto. In this approach, Control of dopcmto is easy to do, but. it is necessary to scan beam 
over audacious behavior product, and through-put of also manufacture is not preferable. In addition. 
Large-scaled, apparatus becomes disadvantageous on also cost side. 
[0006] 

On the other hand. There is method gas including dopcmto is mixed within vapor phase in pile of film in 
the event of film semiconductor to accumulate from gas phase in method such as thermal CVD or 
plasma CVD, and to introduce dopant atom into within film semiconductor. In this approach. Audacious 
behavior sekika is comparatively preferable when through-put is compared with thermal diffusion 
method and ion implantation method in easy, but, it was tended characteristic of semiconductor of 
formed n pattern or p pattern was not always enough, and to be imperfection in application to 
semiconductor devices. When, for well-known example, it accumulates in polycrystal Si by thermal 
CVD, when when phosphine (P H 3 ) is mixed in mono-silane of charge stock (Si H 4 ), and it is going to 
be done in n pattern, crystal grain of Si becomes particularly small in high concentration, and 
characteristic as n pattern Si does in n pattern by thermal diffusion method and ioninpuraiesyon method, 
it is to the thing which it is compared and was inferior to. In addition. When it accumulates in 
amorphous silicon (a-Si) by plasma CVD method, when diborane (B 2 H 6 ) is mixed to Si H 4 of charge 
stock, and it is going to be done in p pattern, band gap of optics (Eg) falls, it is to the thing which 
localization level increases, and the characteristic as p pattern semiconductor was inferior to. 
[0007] 

When gas including dopanto is mixed within gas phase for the reason, reaction of gas including 
chemical element of basis composing semiconductor (Si) is had an influence on, when a pre-cursor of 
pile of semiconductor (accretion reactive precursor) is changed, it is conceivable. 
[0008] 

In addition. When doping is done by accretion, specific locality in basal plate cannot form 
semiconductor regions of n pattern and p pattern for selection to the public. Because of this process 
becomes complicated in application to a liquid crystal display in particular. Some proposal does from 
such a point of view. 
[0009] 

MB. It is N Spitzer and S. Bunker does phosphorous (P) ion implantation without doing mass analysis 
in p type sirmle crystal Si, solar batterv of conversion efficiency 1 5% to have p-n junction was made 
(16th IEEE Photovoltaic Conf.) SanDiego, 1982p.71 1-) B (Proc.3rd PVSEC in Japan ('82) p. 7-) that 
H.Itoh made solar cell of conversion efficiency 10% with similar method without an anti-reflective layer 
B It becomes comparatively easy, and, by ioninpuratesyon method which does not do mass analysis, 
apparatus improves through-put of manufacture. However, aftertreatment of the audacious behavior 
product which is enough in application to solar cell is distress. In addition. After having driven ion in 
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their experiment, annealing is done in 550 degrees Celsius or more than 600 degrees Celsius, 
through-put of manufacture is low, and there is much constraint as against application to film 
semiconductor. 
[0010] 

In addition, S.D. Westbrook disassembles gas including boron (B) in glow discharge . even more 
particularly, it accelerates in boron ion by applying electric field, after having driven into n pattern 
monocrystal Si. 550 degrees Celsius are older than, and it is annealed, and it is (Appl. making solar 
battery of conversion efficiency 19% Phys. Lett. Vol. 50 ('87) p. 469-) B On the other hand. Yoshida. 
setsune, Hirao do doping to a-Si of Lin by means of similar apparatus, and film transistor (TFT) is made 
(IEEE Elec.) Device Lett. Vol. 9 (1988) p. 90-) B Audacious behavior sekika is easy to be held in these 
method, through-put of manufacture is comparatively preferable, too. In addition. Locality of specify of 
semiconductor side can form domain of p pattern or n pattern for selection so that it is shown in the 
latter. However, various unnecessary 7 ion is driven in high speed aside from dopantoion not to do mass 
analysis. Therefore, Damage by ion in particular is hard to be removed in enough temperature in the 
event of a-Si that it is difficult that it is annealed, that application to a-Si solar battery is hit. it obstacled. 
In addition, Control cannot be done about neutral dopant atom aside from ion, these dopant atom is easy 
to be scattered in each part of apparatus. Conventional pin inosculation is used in particular in a-Si solar 
cell , at a minimum, it is from six levels, nine levels in n pattern, i pattern, the tandem a-Si cell which, 
even more particularly, laminated pin conjugation of a plural number from three levels of p pattern. 
When foreign semiconductor layer of adjacent do electroforming (i layer in particular) is contaminated 
with these dopanto, adverse effect is easy to be given characteristic of a device. Above all. diffusion of 
dopant o to chamber to layer which it is directed to mass production of a-Si solar cell, and is next to 
cingulate basal plate of lengthiness of a reel of film or tape in the roll two roll apparatus which 
continuation accumulates is easy to be had. 
[0011] 

As thus described it was necessary to improve doping art to audacious behavior product more to 
mass-produce the a-Si solar cell which was high efficiency. In addition, Development of preferable 
doping technology of through-put of manufacture was expected in the case of crystalline semiconductor 
solar cell and liquid crystal display. 
[0012] 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

The present invention is the thing which took warning by such an actual condition, and. in manufacture 
of semiconductor devices, apparatus for unnecessary diffusion to carry out the method w hich audacious 
behavior product is lasted for. and produce semiconductor of superior p pattern of characteristic or n 
pattern in the treatment time which well has a short homogeneity in a little apparatus that it is easy and 
this method of dopanio is provided, manufacture in low cost of semiconductor devices of the solar 
battery which is high efficiency particularly and audacious behavior product such as for example a liquid 
crystal display is enabled, it is directed to that the spread of these devices is contributed to. 
[0013] 

[MEANS TO SOLVE THE PROBLEM] 

When the present invention accumulates with a dopant layer by sputtering method in the surface of 
semiconductor, ultraviolet radiation is irradiated in the surface of semiconductor and is as a purpose in 
forming domain of semiconductor of good p pattern of characteristic or n pattern by means of activating 
dopanto in the function. 
[0014] 

In other words, While doping method of semiconductor of the present invention uses target containing a 
dopanto element, and making dopanto accumulate in the surface of semiconductor by sputtering method 
, at a minimum, ultraviolet radiation including constituent of less than or equal to wave length 300nm is 
triggered in the surface of the semiconductor, and doping is done in the semiconductor. 
[0015] 

In addition. After doping method of semiconductor of the present invention used the target which 
contained a dopanto element, and having accumulated in the surface in dopanto by sputtering method . 
at a minimum, ultraviolet radiation including constituent of less than or equal to wave length 300nm is 
triizgered in the surface, and dopina is done in the semiconductor. 
[0016] 
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On the other hand. Doping apparatus of semiconductor of the present invention comprises the chamber 
which is possible the evacuation that semiconductor is set, anode installed in internal of the chamber, the 
cathode that target containing dopcmto chemical element is set by surface, power source supplying 
electric power in the cathode, the light source which, at a minimum, irradiate ultraviolet radiation 
including constituent of less than or equal to w ave length 300nm in the surface of the semiconductor, 
and line, at a minimum, to supplv inert gas in the chamber. 
[0017] 

Even more particularly. Doping apparatus of semiconductor of the present invention can do with a thing 
comprising measure transporting semiconductor between location opposed to light source irradiating lay 
opposed to taruet and ultraviolet radiation. 
[0018] 

[OPERATION] 

FIG. 1 is outline block diagram to show embodiment of terrible - pingu apparatus of the preferred 

present invention in to carrv out terrible - pingu method of the present invention. 

[0019] 

Anode 103 and electric pole of cathode 104-1 pair is installted in chamber 101 which is possible 

evacuation by means of vacuum pump 102. Sample 105 is set to anode 103. 

[0020] 

Semiconductor film of polycrystal and amorphous accumulated on basal plate such as a semiconductor 
w afer of single crystal and polycrystal, glass or metal for sample is used. As for these semiconductor, 
doping may be considered to be depending on purpose beforehand, and it needs not to be done doping. 
Desired temperature can heat sample 105 by means of heater 106. As for cathode 104. it is connected 
plasma 107 to occurrence power source 108 to do between anode 103. cathode 104. Target 109 is set on 
cathode 104. B, Al. Ga. In, Tl, P. As, Sb, Bi are used for material of target. Even direct-current power 
source is preferable for power source 108, but, even a high frequency source is preferable. When target 
material in particular is high drag, power source of radio frequency of 13.56MHz, for example, can 
employ in optimum. Inert gas of Ar is introduced into chamber 101 from bomb 1 10. Discharge of inert 
gas is adjusted by means of mass flow controller 111. And pressure in chamber 101 is adjusted by mass 
flow controller 11 1 and valve lift of butterfly valve 1 14. In addition. Mercury lamp 1 12,1 13 (it is written 
down with light source 1 12,1 13) are installed as light source of ultraviolet radiation more in chamber 
101, and surface of sample 105 gets possible to be irradiated at any time. 
[0021] 

In confirmation of one experiment effect of the invention, it was saved, and the following experiment 
was done. A Si wafer of p type which sintering ring made gold electrode in rear (resistivity lohm / cm) 
was set in sample 105 and doping apparatus of shi PIG. 1 . After having exhausted chamber 101 10 to " 6 
Torr once. 5sccm carries away Ar. pressure 10 was assumed " 3 Torr in coordination with butterfly valve 
1 14. Subsequently, Current of heater 106 was adjusted so that basal plate temperature became 100 
degrees Celsius. Plate of elementary substance of P of fineness 99.9% was used for target 109. 
Subsequently, Light source 1 12,1 13 were illuminated. In this state, while, from power source 108, 
adjusting a matching network of non-graphic display so that echo electric power becomes very small, 
plasma 107 can leave occurrence when a rf power of 200 W is supplied. In this state, it passed for 100 
seconds, and power source 108, light source 1 12,1 13 and feed of electric power to heater 106 were left. 
After sample cooled off, it was taken out from chamber 101, and it was cut and brought down in 1cm 
angle, and it was done with sample 1 A. 
[0022] 

Next, For comparison purposes, the other which did not illuminate light source 1 12.1 13 made one 

sample B with operation completely the same as the above. 

[0023] 

Next, Conductor was adhered in silver paste on sample 1 A, rear of one B and appearance. At first. 
Volt-ampere characteristic in in the dark of both sample was measured. Rectification ratio 3*10 in IV 
were iour time at sample 1 A. The rectification ratio got only 50 times in one sample B for it. Even more 
particularly, solar cell character of both sample with sorashimyiireta of air trout (AM) 1.5 was watched. 
The character that conversion efficiency (eta) was good as 9.3% and solar cell without coating was 
provided at sample 1 A. On the other hand. Conversion efficiency (eta) was inadequate for 2.7% and the 
function as solar cell in one sample B. 
[0024] 
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After having sputtered in method same as experiment 1 except that light source 1 12.1 13 were not 
illuminated in two experiment FIG. 1 , light source 1 12,1 13 are illuminated for 10 minutes, sample 2A 
were made. In addition, Light source 1 12,1 13 are not illuminated, and it sputters for 50 seconds, 
subsequently o irradiates ultraviolet radiation for five minutes, sputtering and ultraviolet irradiation were 
repeated, and two sample B was made with the same condition aizain. 
[0025] 

The rectification ratio at IV of in the dark was 1 * 10 5 time in 2* 1 0 3 time, two sample B at sample 2 A, 
In addition. 7.8%, conversion efficiency of two sample B (eta) were 8.5% conversion efficiency of 
sample 2A (eta) solar cell character in AM 1.5. 
[0026] 

Solar cell as shown in FIG. 2 was made to show that three experiment invention was effective for 
amorphous semiconductor. Basal plate 201 of stainless of thickness 1mm is set in commercial high 
frequency capacity bond type glow discharge device, subsequently n pattern semiconductor layer 202 of 
a Si accumulated on this top with i pattern semiconductor layer 203 of a Si. Construction condition of n 
type semiconductor layer 202 does Si H 4 which mixed PH 3 of 5% as charge stock gas with 5sccm, 
pressure 0.5Torr, discharge electric power SOW, basal plate temperature 250 degrees Celsius, film 
thickness is 200A. Construction condition of i type semiconductor layer 203 does Si H 4 with 20sccm, 
pressure 0.5Torr. discharge electric power 100W. basal plate temperature 250 degrees Celsius as charge 
stock gas. film thickness is 4000A. Do it this way. Sample was set in apparatus of FIG. 1 . Plate of 
elementary substance of B of fineness 99.9% was used for target 109. 
[0027] 

It is done with ArSsccm, ten pressure ~ 3s Torr. basal plate temperature 200 degrees Celsius, discharge 
electric power 200 W for doping condition, while illuminating light source 1 12.1 13, discharge was 
continued for 50 seconds, and p pattern domain 204 was made. 
[0028] 

After sample cooled off, it is taken out from chamber 101, and it sets in commercial resistance beating 
type metallizing apparatus, and alloy of In and Sn is deposited in oxygen atmosphere, thickness 700A 
accumulated, and transference electrode 205 of IT O (In <S U B></ S U B> 2 O 3 +SnO 2 ) layer was 
done with sample 3 A. The sample which assumed n type semiconductor layer 202 p type a-Si bed of 
caliper 200A in FIG. 2 is set in doping apparatus of FIG. 1 , target of P is used, P type tank 204 was 
formed in doping condition same as the above. In a like manner, transference electrode 205 was formed, 
and it was assumed three sample B. 
[0029] 

Both sample 3 A, three B were evaluated in method same as experiment 1 . Flve time, three sample B 
8*10 were four time sample 3A 1*10 rectification ratio at IV. In addition, 8.5%. three sample B were 
7.8%, and sample 3A showed superior characteristic in the conversion efficiency as solar cell (eta) both. 
[0030] 

The above-mentioned experimental result is based on about mechanism of doping, and it can be 
supposed about mechanism of doping method of the present invention as follows. In sputtering method, 
there is ion of Ar within plasma of discharge, but , as for these ion, bias swats target 109 in done cathode 
104 to minus number. As a result, a constituent atom of target doing recoil accumulates on sample 105. 
Because is not accelerated in dopant atom being neutral by electric field . in general terms, it will be hard 
to be invaded to the inside of sample. How ever, when ultraviolet radiation is irradiated by sample side, 
to loosen bond of atom mutual of Si composing semiconductor by energy of photon of ultraviolet 
radiation, atom ofdopanto. of sample, it is deep, it is just, it is conceivable to be able to couple in 
appropriate coordination number penetration is done and and it is definitive when is activated as 
dopant o. 
[0031] 

Therefore because there is not the damage that is carbuncle when ion doping of effect do in the 
cryogenic temperature which thermal diffusion such as for example 100 degrees Celsius cannot quite 
expect and is accelerated by high speed was driven, it is thought that annealing as aftertreatment 
becomes needless. 
[0032] 

In addition. When, in thermal CVD method and plasma CVD method, is accumulated semiconductor in 
atmosphere including dopant o. that formed p pattern layer and n pattern layer show superior 
characteristic can be expected so that it is different, and network of ground material of semiconductor is 
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fonned without adverse effect of dopanto in method of the present invention. 
[0033] 

When, in the event of sputtering method more, dopanto is supplied as gas dopant atom by target sample 
is gone to, and considerable polarity is had. and to begin to jump, it is compared, that diffusion of 
dopanto to unnecessary locality laruely decreases can be expected. 
[0034] 

When method of the present invention is carried out about target, simple substance of desired dopanto 
chemical element can be used for material of target to use. In other words. If P. As, Sb. simple substance 
of Bi or alloy is used to do B. Ah Ga. In, simple substance of Tl or alloy with n pattern to do with p type 
in 4 group semiconductor such as Si or Ge. it is preferable. Purity of these material had better be high, 
but, even around 99% are generally available by 99,9%, class of impurity. In addition. A plate-shaped 
thing is easy to be used for configuration of target, but, the thing w hich pressed material of pulverulent 
and cathode served powder on cathode in the event of an upswing and are preferable, 
[0035] 

Ar is used for general as atmosphere gas by sputtering method about atmosphere gas of sputtering most. 
This is so that the factor which Ar ionizes proposes target atom for efficiency most highly. However, it 
is tended to be needless for much big accretion velocity in purpose of doping, and inert gas such as He, 
Ne, Kr, Xe can be used aside from Ar. 
[0036] 

Method of the present invention can be applied to for compound semiconductors such as Ga As. In P as 
well as semiconductor of four family such as Si and Ge and the alloy and Si C about doping condition. 
But, dopanto chooses among 2 group, 4 group, chemical element of six family depending on maternal 
semiconductor appropriately. Discharge of inert gas of Ar accepts size of sample as gas of atmosphere of 
discharge, and it is decided appropriately. 0.5Torr is preferable, and pressure 1 * 10 in discharge assume 
0.1 Ton* from 5*10 _4s Torr from ~ 4 . Discharge electric power is decided depending on bulk of sample, 
too, but, preferably, for the case sample of 30cm angle, 5kW are done with around 2kW from 250W 
from 100W. When good result is provided in room temperature for basal plate temperature, there is. but. 
it is done more than 60 degrees Celsius in general. Enough effect is provided at around 200 degrees 
Celsius for the case most. 
[0037] 

Even more particularly, preferably ultraviolet radiation of less than or equal to wave length 250nm is 
effective lower than 300nm more than wave length 1 50nm for glow to use in irradiation about irradiation 
method of ultraviolet radiation. For light source, commercial mercury lamp is used by optimum. But, It 
is desirable that glow of such a wave length territory receives absorption in the air. and light source 
establishes ozone in a vacuum chamber like doping apparatus of FIG. 1 in what occur. 
[0038] 

Fouling bonds so that light source 1 12.1 13 comprise to the vicinities of target 109 in the event of doping 

apparatus of FIG. 1 when long time is lasted for, and it employs. 

[0039] 

In addition. By this arrangement, it is distress that irradiate ultraviolet radiation over the whole sample 

surface of audacious behavior product uniformly. 

[0040] 

However, even if irradiation of ultraviolet radiation is done after accretion of dopanto as had shown in 
experiment 2 , as indicated in FIG. 3 , it is put in large-scale chamber 301 by being effective in, and light 
source 312 is established in spaced-apart location from cathode 304, anode 303 is moved in location of 
light source 313 after sputtering, and ultraviolet radiation may be irradiated. 
[0041] 

In FIG. 3 , a thing of equivalence is available for vacuum pump 302, anode 303, cathode 304. sample 
305, heater 306, power source 308, target 309, bomb 310. mass flow controller 31 1 and butterfly valve 
314 for vacuum pump 102 shown in each FIG. 1 . anode 103, cathode 104, sample 105, heater 106, 
power source 108. target 109, bomb 1 10, mass flow controller 1 1 1 and butterfly valve 1 14 and 
parenchyma. In the event of particularly large-scale apparatus, design is easy constructive FIG. 3 . In 
addition. When a doped layer is wanted to do thick, sputtering is not continued so for a long time at a 
time, gyrus had better repeat plural this dislodein^. 
[0042]' 

[EXAMPLE] 



6 of 12 



4 16 03 1:17 PM 



Imps: .patolis-e.patolisxojp.'pa...IE?MEI=LKN&KD=AA&NO=93024976&SO=00 



Semiconductor buttering method of the present invention and embodiment of a device are described the 
following, and. even more particularly, the present invention is explained, but. the present invention is 
not a thing limited the several class to bv this. 
[0043] 

Apparatus shown in FIG. 1 was used. and. in the example 1 present embodiment, pin type a-Si 
photoelectromotive force element 408 of lamination shown in cross section scheme of FIG. 4 was made. 
This photoelectromotive force element 408 is bottom electrode 402, n type semiconductor layer 403. i 
mold semiconductor layer 404, p pattern semiconductor layer 405. transference electrode 406 and the 
photoelectromotive force element which it accumulates in this order, and formed syuden electric pole 
407 on basal plate 401 . In addition. It is assuming incidence of glow being done than side of transference 
electrode 406 with photoelectromotive force element 408 of the present embodiment. 
[0044] 

At first. Angle type basal plate made by stainless (5cm *5cm) is set in commercial supatta apparatus (a 
product made in Ulvac company, SB H -2206 DE), Ag (99.99%) is used as target, and. in addition, in 
Ag film of 0.3 mu m, Zn O (99.9%) is used as target in succession, and supatta deposits Zn O film of 1 .5 
mu m, bottom electrode 402 was formed. 
[0045] 

Sequentially. Formed basal plate of this bottom electrode 402 was set in commercial plasma CVD 
apparatus (product made in Ulvac company. CHJ-3030). In draw off pump, air release pipe of reaction 
vessel was gone through, and a wild pull, high vacuum were pulled, and it was operated. Then, The skin 
temperature of basal plate controlled by temperature control mechanism to become 250 degrees Celsius. 
[0046] 

In the event that exhaust was done enough. Si H 4 300sccm, Si F 4 4sccm, PH 3 /H 2 ( 10/0 H 2 
attemperation) 55sccm, H 2 40sccm are introduced than gas introduction pipe, valve lift of throttle valve 
is adjusted, and internal pressure of reaction vessel is held in lTorr, pressure was stable, and electric 
power of 200 W was cast than a high frequency source promptly. The plasma made last for five minutes. 
By this, n + a-Si as n " semiconductor layer 403: H: F film is formed on bottom electrode 402. 
[0047] 

After having exhausted again. Si H 4 300sccm, Si F 4 4sccm, H 2 40sccm are introduced than gas 
introduction pipe this time, valve lift of throttle valve is adjusted, and internal pressure of reaction vessel 
is held in lTorr, pressure was stable, and electric power of 150 W was cast than a high frequency source 
promptly. The plasma made last for 40 minutes. By this, a-Si as i type semiconductor layer 404: H: F 
film is formed on n type semiconductor layer 403. 
[0048] 

Next, Basal plate 401 is taken out than plasma CVD apparatus, it set in doping apparatus shown in FIG. 
]_. Boron (B), as target. Ar discharge 5sccm, 2* 1 0< pressure S UP> While irradiating ultraviolet 
radiation under conditions of three Ton% basal plate tem perature 100 degrees Celsius, discharge electric 
power 200W. discharge is continued for 70 seconds, p pattern semiconductor layer 405 is formed on i 
pattern semiconductor layer 404. 
[0049] 

Next, Transference electrode 406 (IT O (In 2 O 3 +SnO 2 )) is formed by metallizing . even more 
particularly, it was masked, and syuden electrode 407 (Al) was deposited, and photoelectromotive force 
element 408 was finished. 
[0050] 

9.3% were provided in photoelectric conversion efficiency (eta) when characterization was done about 
made photoelectromotive force element 408 in 1 .5 (lOOmW/cm 2 ) air trout (it is written down with AM) 
glow irradiation bottoms. In addition. Less than 20% were fitted into when alteration rate as opposed to 
initial value of photoelectric conversion efficiency after continuous irradiation was measured for 500 
hours of AM 1.5 (lOOmW/cm 2 ) glow. 
[0051] 

Roll two roll apparatus 542 shown in FIG. 5 was used, and, in the example 2 present embodiment. 
a-Si/a-Si tandem photoelectromotive force element 613 of lamination shown in cross section scheme of 
FIG. 6 was made. 
[0052] 

Even more particularly, n type semiconductor layer 603 that this photoelectromotive force element 613 
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composes bottom electrode 602, the first cell 61 1 on basal plate 601, i mold semiconductor layer 604, p 
pattern semiconductor layer 605. n pattern semiconductor layer 606 which, even more particularly, 
compose the second cell 612. i pattern semiconductor layer 607, p pattern semiconductor layer 608 are 
transference electrode 609 and the photoelectromotive force element which they accumulate in this 
order, and formed syuden electric pole 610. In addition. It is assuming incidence of glow being done 
than side of transference electrode 609 with photoelectromotive force element 613 of the present 
embodiment. 
[0053] 

It is serial, and roll two roll apparatus 542 of FIG. 5 forms photoelectromotive force element to cingulate 
basal plate 504 made by rustless steel. Apparatus of the figure above winds basal plate export chamber 
503, the first n pattern chamber 513, the first i pattern chamber 522, the first p pattern chamber 532, the 
second n pattern chamber (not shown), the second i pattern chamber (not shown), the second p pattern 
chamber (not shown) and basal plate off, and chamber 539 is disposed by this order. The second n type 
chamber, the second i type chamber, the second p mold chamber are n pattern chamber 513 of the first 
each, the first i pattern chamber 522. constitution at all the same as the first p pattern chamber 532. Each 
chamber interval is isolated by gas gate 507.515.524.533,536 (other non-graphic display), contamination 
of impurity between chamber is prevented. 
[0054] 

At first tenioid basal plate 504 is set chamber, and while it is layered, guide roller 505 is gone through 
from this chamber, and basal plate is serial, and basal plate export chamber 503 is carried out in the 
figure above to reaction chamber. In addition, Air exit 502 and bulb 501 is gone through, and evacuation 
can be left. Basal plate tenioid basal plate 538 that it is wound off, and chamber 539 is layered is 
chamber wound off, and guide roller 537 is gone through, and basal plate is serial, and it is carried in to 
this chamber by reaction chamber while it is layered. In addition. Air exit 540 and bulb 541 is gone 
through, and evacuation can be left. 
[0055] 

It is plasma CVD chamber, and n type chamber 513 and i type chamber 522 accumulates in each n 
pattern semiconductor layer and i pattern semiconductor layer. Basal plate is heated with basal plate heat 
heater 514,523 in each chamber 513,522, and it is controlled by predetermined basal plate temperature. 
Charge stock gas is supplied than charge stock gas supply pipe 510,518, current is fixed by shielding 
board 512,521, is disassembled occurrence between cathode 51 1,520 and basal plate by done plasma, 
and semiconductor membrane is formed on basal plate , even more particularly, is exhausted than air 
exit 509,519. 
[0056] 

p type chamber 532 is embodiment of doping apparatus of the present invention with the use of method 
of the present invention. Basal plate is controlled with basal plate heat heater 53 1 by predetermined 
temperature. Chamber internal is done evacuation of than air exit 528. Target 530 of boron (B) is set in 
face of cathode 529. Basal plate functions as anode with this roll two roll apparatus 542. and plasma can 
leave occurrence between cathode 529. Light source 530 of ultraviolet radiation comprises alongside of 
cathode, after at first was accumulated dopanto on i pattern semiconductor layer with dislodging of basal 
plate, ultraviolet radiation is irradiated, and dopanto becomes activate. By this assembling. Continuous 
duty of ultraviolet light source for long time is enabled. Ar is supplied than charge stock gas supply pipe 
527. 
[0057] 

Sweep gas such as Ar, hydrogen is introduced into gas gate 507,515,524,533,536 (other non-graphic 
display) than gas admission port 506,508,516,517,525,526,534,535 (other non-graphic display) to isolate 
gas between chamber. 
[0058] 

Photoelectromotive force element 613 was made bv means of such roll two roll apparatus 542. 
[0059] 

At first, Tenioid basal plate made by rustless steel is set in stepless supatta apparatus (not shown). Al-Si 
(5% Si) is used as target, and. in addition, in Al-Si film of 0.2 mu m, Sn O 2 (9 C >.99%) is used as target 
in succession, and supatta deposits Sn O 2 film of 0.1 mu m, bottom electrode 602 was formed. 
[0060] 

Sequentially, It set to roll two roll apparatus 542 which formed tenioid basal plate of this bottom 
electrode 602 was shown in FIG. 5 . Afterwards, In draw off pump (not shown), air release pipe of each 
chamber was gone through, and vacuum was pulled, and it was operated. Then, The skin temperature of 
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basal plate controlled bv temperature control mechanism to become 250 degrees Celsius. 
[0061] 

In the event that exhaust was done enough, Ar gas is introduced into p pattern chamber, gas gate with Si 
H 4 /SiF 4 /H <S U B></ S U B> in i pattern chamber with Si H 4 /PH 3 /H 2 in n pattern chamber than 
gas introduction pipe 510.518. the pressure of in lOOmTorr and p pattern chamber held internal pressure 
of n pattern and i pattern chamber in SOmTorr. 
[0062] 

Pressure was stable, and electric power is spent than each high frequency source, occurrence put plasma 
in each chamber and light source is illuminated, it makes discharge was stable, and transport cingulate 
basal plate from left side to right side direction out of figure in transportation speed 20cm min. 
lamination formed n, i. p. n, i. p pattern semiconductor layer in succession. 
[0063] 

After semiconductor layer was laminated by full length of tenioid basal plate, and having formed, it is 
taken out after cooling, it sets in IT O (In 2 O 3 +SnO 2 ) continuation vapor deposition apparatus (not 
shown), and cingulate basal plate full length is lasted for, and IT O layer of thickness 700 A is deposited, 
it was done with transference electrode 609. Even more particularly. It continued, and a solar cell 
module of 35cm *70cm was made in stepless apparatus (not shown) to modularize. 
[0064] 

Higher than 8.0% are provided in photoelectric conversion efficiency (eta) when characterization is done 
about a made solar cell module in an AM 1.5(1 OOmW/cm 2 ) glow irradiation bottom, the variation of 
characteristic between module fitted into less than 7% more. 
[0065] 

In addition. Less than 16% were fitted into when alteration rate as opposed to initial value of 
photoelectric conversion efficiency after continuous irradiation was measured for 500 hours of AMI .5 
(100mW/cm 2 )glow. 
[0066] 

These modules were connected, and power supply system of lkW was able to be made. 
[0067] 

For comparative purposes, higher than photoelectric conversion efficiency (eta) 7.8% are provided when 
the photoelectromotive force element which is similar is made without diverting sweep gas to each gas 
Kate, the degradation factor after 500 hours fitted into less than 18%. In other words. Even if sweep gas 
was not used, some effect of diffusion of dopant o between each chamber was minor although it was 
recognized. 
[0068] 

Apparatus (not shown) that remodeled roll two roll apparatus 542 shown in FIG. 5 partly was used, and, 
in the example 3 present embodiment, an a-Si/a-Si tandem photoelectromotive force element of 
lamination shown in cross section scheme of FIG. 6 was made same as example 2. It is a thing with the 
use of doping apparatus of the same present invention of p mold chamber and zen of the first or the 
second in the second n type chamber that is different from apparatus of FIG. 5 . 
[0069] 

Target of antimony (Sb) is used in in target of boron (B) and the second n mold chamber in the first and 

the second p tvpe chamber. 

[0070] 

Photoelectromotive force element 613 was made by means of such a roll two roll apparatus. 
[0071] 

At first, Tenioid basal plate made by rustless steel is set in stepless supatta apparatus same as example 2. 
Al-Si (5% Si) is used as target, and.' in addition, in Al-Si film of 0.5 mu m, Zn O (99.99%) is used as 
target in succession, and supatta deposits Zn O film of 0.5 mu m. bottom electrode 602 was formed. 
[0072] 

Sequentially, Formed tenioid basal plate of this bottom electrode 602 was set in roll two roll apparatus 
of the present embodiment. Afterwards, In draw off pump, air release pipe of each chamber was gone 
through, and vacuum was pulled, and it was operated. Then, The skin temperature of basal plate 
controlled bv temperature control mechanism to become 250 degrees Celsius. 
[0073] 

In the event that exhaust was done enough, Ar gas is introduced into the first, the second p pattern 
chamber and the second n pattern chamber, gas gate with Si H 4 /SiF <S U B> </ S U B> 4 /H 2 in i 
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pattern chamber of the first and the second with Si H 4 /PH 3 /H 2 in the first n pattern chamber than gas 
introduction pipe, valve lift of throttle valve was adjusted, and in lOOmTorr and the second n pattern 
chamber and the first, the pressure of the second p pattern chamber held the first n pattern and the first, 
internal pressure of the second i pattern chamber in SOmTorr. Pressure was stable, and light source of 
each p type chamber is lighted, electric power is cast than each high frequency source, and occurrence 
put plasma in chamber of each, and it makes discharge was stable, and transport cingulate basal plate in 
transportation speed 20cm/min, lamination formed n, i, p, n, i. p pattern semiconductor layer in 
succession. 
[0074] 

After semiconductor layer was laminated by full length of tenioid basal plate, and having formed, it is 
taken out after cooling . even more particularly. IT O (In 2 O 3 +SnO 2 ) layer is deposited, and 
transference electrode 609 is formed, continuation made solar battery module of 30cm * 120cm in the 
apparatus which modularized continuation. Higher than 8.5% are provided in photoelectric conversion 
efficiency (eta) when characterization is done about a made solar cell module in an AMI .5 ( lOOmW/cm 
2 ) glow irradiation bottom . even more particularly, the variation of characteristic between module fitted 
into less than 10%. 
[0075] 

In addition. Less than 15% were fitted into when alteration rate as opposed to initial value of 
photoelectric conversion efficiency after continuous irradiation was measured for 500 hours of AMI .5 
(100mW/cm 2 )glow. 
[0076] 

Apparatus (not shown) that remodeled roll two roll apparatus 542 shown in FIG. 5 partly was used, and, 
in four embodiment embodiment, a-SiC7a-Si/a-SiGe triple pattern photoelectromotive force element of 
lamination shown in cross section scheme of FIG. 7 was made. Apparatus used in the present 
embodiment is the thing which, even more particularly, added n pattern of tertiary, i pattern and p 
pattern chamber to apparatus used in example 2, and terrible - pinguchanba of the present invention, 
chamber of other are plasma CVD chamber only p pattern chamber of tertiary from the first. 
[0077] 

Photoelectromotive force element 717 shown in FIG. 7 was made by means of such a roll two roll 

apparatus. 

[0078] 

Even more particularly, n type semiconductor layer 703 that this photoelectromotive force element 717 
composes bottom electrode 702, the first cell 714 on basal plate 701, i pattern semiconductor layer 704, 
p pattern semiconductor layer 705, n pattern semiconductor layer 706 which, even more particularly, 
compose the second cell 715, i pattern semiconductor layer 707, p pattern semiconductor layer 708, n 
pattern semiconductor layer 709 which, even more particularly, compose cell 716 of tertiary, i pattern 
semiconductor layer 710. p pattern semiconductor layer 711 are transference electrode 712 and the 
photoelectromotive force element which they accumulate in this order, and formed syuden electric pole 
713. In addition. It is assuming incidence of glow being done than side of transference electrode 712 
with photoelectromotive force element 717 of the present embodiment. 
[0079] 

At first, Tenioid basal plate made by rustless steel is set in stepless supatta apparatus same as example 2, 
Al (99.9%) is used as target, and, in addition, in Al film of 0.3 mu m, Zn O (99.99%) is used as target in 
succession, and supatta deposits Zn O film of 0.3 mu m, bottom electrode 702 was formed. 
[0080] 

Sequentially, Formed tenioid basal plate of bottom electrode 702 was set in roll two roll apparatus. 
Afterwards. In draw off pump, air release pipe of each chamber was gone through, and vacuum was 
pulled, and it was operated. Then, The skin temperature of basal plate controlled by temperature control 
mechanism to become 250 degrees Celsius. 
[0081] 

In the event that exhaust was done enough, Ar gas is introduced into with 4/ Si H 4 /CH H 2 and each p 
pattern chamber, gas gate in i pattern chamber of tertiary with Si H 4 /SiF 4 /H 2 in the second i pattern 
chamber with Si H 4 /GeH 4 /H 2 in the first i pattern chamber with Si H <S U B> </ S U B> 4 /PH 3 /H 
~> in each n pattern chamber than gas introduction pipe, valve lift of throttle valve was adjusted, and the 
pressure of in lOOmTorr and each p pattern chamber held internal pressure of each n pattern and each i 
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pattern chamber in 50mTorr. 
[0082] 

Pressure was stable, and light source of each p type chamber is lighted, electric power is cast than each 
high frequency source, and occurrence put plasma in chamber of each, and it makes discharge w as 
stable, and transport cingulate basal plate in transportation speed 30cm/min. lamination formed n. i. p. n. 
i. p pattern semiconductor laver in succession. 
[0083] 

After semiconductor layer was laminated by full length of tenioid basal plate, and having formed, it is 
taken out after cooling . even more particularly. IT O (In 2 ( J 3 +SnO 2 ) layer is deposited, and 
transference electrode 609 is formed, continuation made solar battery module of 30cm * 120cm in the 
apparatus which, even more particularly, modularized continuation. 
[0084] 

Higher than 10.2% are provided in photoelectric conversion efficiency (eta) when characterization is 
done about a made solar cell module in an AMI .5 (lOOmW/cm 2 ) glow irradiation bottom . even more 
particularly, the variation of characteristic betw een module fitted into less than 5%. 
[0085] 

In addition, Less than 8% were fitted into when alteration rate as opposed to initial value of photoelectric 
conversion efficiency after continuous irradiation was measured for 500 hours of AM 1.5 ( lOOmW/cm 2 ) 
glow. 
[0086] 

These modules were connected, and power supply system of 5kW was able to be made. 
[0087] 

Constructive polycrystal Si solar cell 801 as shown in FIG. 8 is described in five embodiment 
embodiment. A n type polycrystal Si wafer of a diameter of 6 inches that face made in Wacker company 
was ground (resistivity 2ohm / cm) was prepared for as basal plate. After having removed natural 
oxidation film in doru acid, it is configuration same as doping apparatus of FIG. 1 in this basal plate, 
but, to come to official polishing face in large-scale doping apparatus, it set. Plate of Ga of fineness 
99.9% was used for target 109. For doping condition. Ar discharge 20sccm, 10< pressure S UP> Three 

Ton; basal plate temperature 100 degrees Celsius, discharge electricity are done with IkW. exposure of 
ultraviolet radiation, discharge were continued for 150 seconds, and p pattern domain 802 was formed. 
Subsequently, Target 109 is changed for plate of Sb of fineness 99.9%, n ^ pattern domain 803 was 
formed in similar doping condition except that basal plate was reset inside out. This n + mold territory 
803 forms so-called back Sir festival field, and recombination electric pole around carrier is prevented, it 
is a thing, even more particularly, to improve omikku characteristics. Subsequently, Ti, Pd, syuden 
electrode 804 comprising of laminating of Ag, bottom electrode 805 were formed by electron beam 
evaporation method on both sides. Ectal electrode hung face mask not to disturb incidence of glow very 
much, and grid was done if-shaped. After having formed electrode, a sintering ring was gone at 400 
degrees Celsius for two minutes. Subsequently, Zn S and Mg F 2 was laminated, and it was assumed 

anti-reflective layer 806. 
[0088] 

Photoelectric conversion efficiency (eta) was full of with 1 5.24 j 0.61%. and superior characteristic and 
homogeneity were provided when this sample was cut in 2cm angle, and solar cell character was 
evaluated. 
[0089] 

Six embodiment embodiment is example of the a-Si film transistor which shows the cross section 
configuration in FIG 9 (TFT). Cr is deposited for basal plate 901 in 7059 coning # glass on this top , 
even more particularly, gate 902 was formed mfaotorisogurafi operation. Subsequently. It accumulated 
with amorphous nitriding silicon (a-SiN) membrane 903 of thickness 3000A as charge stock gas in Si H 
4 and ammonia (N H 3) in commercial capacity bond type high frequency glow discharge device. It 
accumulated on this top with i type a-Si layer 904 of caliper 2000 A by means of the same apparatus. It 
accumulated, and channel 905 was left, and a-SiN layer of caliper 3000 A was etched m fuotorisogiirafi 
operation in the same apparatus again on this top. When sample was used with embodiment 5 after this, 
it sets in similar doping apparatus, and plate of P of purity 99% is used as target . as doping condition, 
exposure of ultraviolet radiation, discharge were continued for quantity of flow 30sccm of Ar. 5*10 
pressure -3s Torr. basal plate temperature 80 degrees Celsius, discharge electric power 800W for 200 
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seconds, and n ^ pattern domain 906 was formed. Because a-SiN of channel 905 is insulating material 
here, it does not need to be possible for low resistance territory by doping in face. Subsequently. Caliper 
2000A deposit Al on this top. channel 905 more was etched in fuotorisogurufi operation, and TFT was 
formed for sauce 907. drain 908. In addition. Channel length 10 is mu m here. In this way. Each 
conductor was adhered to gate 902 of produced TFT. sauce 907, drain 908, and field of 20cm angle w as 
lasted for. and transistor characteristic was evaluated. At the time of drain tension 15 V. ON/OFF ratio 
1.5*10 with gate tension 15V and 0V were superior with tlve time J 8%. Because a channel section is 
protected in a-SiN, and disposal of etch is not received in method of the present invention, it is thought 
ON/OFF ratio is massive and that homogeneity is superior. Therefore, TFT by method of the present 
invention is optimum to use in active matrix circuit of a large-sized liquid crvstal displav. 
[0090] 

[EFFECT OF THE INVENTION] 

According to the doping method of the present invention and the device, big as against ground material 
of the semiconductor which is good quality, doping do without damaging and because aftertreatment in 
high temperature is unnecessary, o which is monocrystal. polycrystal. amorphous is not asked . as 
against various semiconductor, semiconductor regions of superior p pattern of characteristic or n pattern 
can be formed. Besides. Superior semiconductor devices of character can be got so that there is not 
unnecessary diffusion of dopanto. In addition. Constitution of apparatus is simple, and the characteristic 
which is homogeneity is provided over audacious behavior product, because treatment time is had a 
short, particularly large-scale solar battery or active matrix circuit of a liquid crystal display can be 
produced in cost low. 



[BRIEF DESCRIPTION OF DRAWINGS] 
[ FIG. 1 ] 

It is outline block diagram to show embodiment of terrible - pingu apparatus of the preferred present 
invention in to carry out terrible - pingu method of the present invention. 
[ FIG. 2 ] 

It is cross section * equation figure showing a-Si solar cell made in terrible - pingu method of the present 

invention. 

[ FIG. 3 1 

It is outline block diagram to show' embodiment according to a thing of terrible - pingu apparatus of the 
preferred present invention in to carry out terrible - pingu method of the present invention. 
[ FIG. 4 ] 

It is section * formula figure to show single mold a-Si solar cell made in terrible - pingu method of the 
present invention in. 
[ FIG. 5 ] 

It is outline block diagram showing an example of the ro - rutouro - ru apparatus which incorporated 
terrible - pingu apparatus of the present invention. 
[FIG. 6] 

It is cross section * equation figure to show tandem a-Si solar cell made in terrible - pingu method of the 
present invention in. 
[ FIG. 7 ] 

It is section * formula figure showing triple mold a-Si solar cell made in terrible - pingu method of the 
present invention. 
[ FIG. 8 ] 

It is cross section * formula figure showing polycrystal Si solar cell made in terrible - pingu method of 
the present invention. 
[ FIG. 9 ] 

It is cross section * type figure showing a-SiTFT made in terrible - pingu method of the present 
invention. 

[DENOTATION OF REFERENCE NUMERALS] 

101 Chamber 102 Vacuum pump 103 Anode 104 Cathode 105 Sample 106 Heater 107 Plasma 108 
Power source 109 Target 1 10 Bomb 1 1 1 Mass flow controller 1 12.1 13 Light source 
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